Pathophysiological aspects of the problem of prolonged hypokinesia by Kovalenko, Y. A.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19780018781 2020-03-22T03:06:49+00:00Z
Ir	 - t __ :-- Ir'
i
eon
TECHNICAL MEMORANDUM
	 NASA TM-75112
rATHOPHYSIOLOGICAL ASPECTS OF THE ?ROBLEM
OF PROLONGED HYPOKINESIA
Ye. A. Kovalenko
(NASA-TM-75112)	 PATHOPHYSIOLOGICAL ASPECTS	 N78- 2ts734
OF THE PROBLEM OF PPLI LONGED HYPCKINESIA
(Na f '. unal Aeronautics and SFacu
Adminiz.tration)	 32 p HC A03/3,F A01 CSCL 061	 tlnclas
G3/52
	
2338 •3
Translat:.on of "Patofiziologicheskiye aspekty problemy
dlitel'r.oy gipokinezii", Patologicheska,ya Fiziologiya i
Eksperimental'naya Terapiya, No. 3, May-June 1975, pp.
11-24.
1
0
,i
\J	
;
N J^^19^3	
^;.
14ATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546
	 JUNE 1978
of
I!
1 1	 1
t
SIANUAkU 1111 F PAGE
1. Rep—, Nu
	 ^_r 2. .'i.;^••n,n.M Accession No
	 3. Ret,yr.nt • l orulrrg Nr.
NASA TM-75112	 l^ _
	
_   
^. 7,010 and Suht,tle	 PATHOPHYSIOLOGICAL A ,PECTS s. Rep.,. Date
OF THE PROBLEM OF PROLONGED HYPOKINESIA 	 J ne 19786 PorAornmrog Orgo„ g ut ,n Code
I	 twinAuthor( 'I	 ----	
^.	
^.+100.1o
	
_	 -
n 0 Or00nis.on Report He.
Ye. A. Kovz lenko
I
	
I'O worlr Unit No
	
_ -- - --
Ifree# or Grant No.
r 
Performing O r gonrsatian Nomeand Address 
—
Leo Kanner Associates	 13. Type of Repo„ and Period Covered
Redwood City, California 94063 	 Translation
12 Sp....
	
r9 Agency Nom. and Address
National Aeronautics and Space Adminis- 	 --	 -
trat ion, Washington, D.C. 20546	 Id. Sponsoring Agency Code
15 Suppl•men t ory Notes
Translation of "Patofiziologicheskiye aspekty problemy
I dlitel'noy gipokinezii 10 , Patologicheskaya Fiziologlya i
' Eksperimentll'naya Terapiya, No. 3, May-June 1975, pp.
11-24.
16 Abstract Thestudy of hypokinesia is important for medicine and
ror the national economy. The changes in man's activity
iue to modern life wi,:h automation and sedentary activities
ind man's exploration of space in a state of weightlessness
lave accentuated the importance of hypokinesia. This article
Discusses the pathogenesis of hypokinesia. Experiments and
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PATHOPHYSIOLOGICAL ASPECTS OF THE PROBLEM
OF PROLONGED HYPOKINESIA
Ye. A. Kovalenko
In a century of scientific and technical revolution, /11 *
mane of the foremost problems facing medicine is studying
the effect on man of the progressively decreasing volume of
F
	 .
muscle work due to mechanization and automation of produc-
tion and also due to organization, of public service and
F 4
	
amenities.
The problem of studying hypokinesia (GK [gipokineziya,
hypokinesis, HK]) is important for general clinical practice
because usually a patient must spend some time or other in
bedrest. The study of HK is necessary for space, aviation
and naval medicine. The problem of partial HK is important
also for successful development of animal husbandry and fur
farming if one considers the broad expansion of the amount
of agriculture and the number of wild animals in condition:-
which limit their motor activity. In other words, this prob-
lem has acquired great significance both for medicine and for
the national economy.
f"	 i l
The prolonged course of evolution of highly organized
animals and man has always involved the constant necessity
to improve intense muscle activity in order to move greater
distances during hunting, to acquire food, protection from
invasion, etc. At this time, this tendency, genetically
connected to the long course of evolution, encounters the
inevitability of significantly decreasing the volume of
intense muscle work. In these cases won't a certain
*Numbers in the margin indicate pagination in the foreign text
_	 T
r	 r
r 
e•
breakdown in the organism occur? Pathogenesis of these
fal.lures is necessary to explain and find approaches to
the main question of this problem.
At the present time, there is a good deal of work in
the literature which discusses general and particular ques-
tions considering different aspects of possible pathology
caused by prolonged HK [3,13,20,34,51]. However, we have
not encountered works in which an attempt has been made to
2onstruct an overall system of HK pathogenesis from the
position of patholo-Pic physiology. The construction of such
a system is still hypothetical but nevertheless it is neces-
sary to attempt to present the features of the effect of the
etiologic factor, the occurrence of basic pathogenetic links
and the secondary processes. All of this would make it
possible to discover the ;necessary method for further investi-
gation and to eliminate the main links of failures which occur.
It is completely obvious that the etiological factor, the main
cause for development of the process, is prolonged decrease
in the volume of muscle activity (see diagram). What does
this Effect lead to and where in the organism exactly should
one look first for possible failures of various systems?
Movement always involves expenditure of energy. Consequently,
possible breakdown as a whole, apparently, must be sought
for in the sphere of energy exchange of the organism. Further,
motion is impossible without the material substratum which
accomplishes this function. Such a substratum is the sup-
port motor apparatus, primarily, the muscles. Consequently,
the second basic objective of our research must show the
muscle system. It is natural that each movement is unthink-
able without the complex regulating role of the neuro-
endocrine syste,n anu this regulation can change both
toward	 direct breakdown of movement coordination and
In relation to serious vegetative disorders which cause the
2
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trophic capability to improve the necessary volume of motion./13
In a case where prolonged HK occurs in conditions of bedrest,
besides a decrease in muscular movement, one of the main
pathogenetic links is also the removal of the hydrostatic
component in the system of blood circulation caused by pro-
longed stay of man in a horizontal position. This moment,
combined with the general decrease in load on the cardiovascu-
lar system, causes a whole sequential chain of failures in
the form of detraining of the heart and vascular system.
Thus, the main etiologic factor of HK is a prolonged
decrease in the volume of muscle activity. This factor
causes prolonged decrease in energy expenditure. As is
known, muscular contraction improves with decomposition of
the existing reserves of ATP [adenosine triphosphate] and
its transformation to ADP [adenosine diphosphate]; after this,
as a result of the oxidation processes and phosphorylation
accompanying them, resynthesis of ATP sets in. This process,
with constant and fairly stressful work occurs intensely,
smoothly and systematically. It is natural to think that
with HK, the rate of decomposition and synthesis of the rich
energies of phosphorous cor„pounds will slow down and be in-
sufficient. A study especially carried out in model tests
on rat.; of oxidation phosphcrylation	 and its regulation
in the Barburg apparatus in the tissues of the skeletal
muscles, the miocardium and liver, and also in the mito-
chondria during prolonged (up to 100-170 days) HK showed
the following. In the skeletal muscle, the level of
phosphorylation	 decreases from 19.9 + 1.31 to 13.7 ± 1.48 MA
of phosphorous (P < 0.05) to the 45th day of.HK, and in the heart
-- from 24.3 + 1.95 to 14.3 ± ,.6 MA (P < 0.05) with breath-
ing a succinate and approximately as much when breathing
a-ketoglutarate [25-27].
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In these same tests, sharp changes in the relationship
of mitochondrial breathing in the third and fourth (accord-
ing to Chance) metabolic states were rioted; this resulted in
a sharp decrease in the value of breathing control (2-2.5 as
opposed to 6-7 in the control). In this way, the increase
in mitochondrial breathin g, in the fourth and weakening of
breathing in the third metabolic state attests to the de-
crease in the degree of conjugation and energy regulation of
breathing [14,25,27,38]• Thus on the basis of these data, it
is apparent that prolonged HK actually causes a decrease in
the ATP synthesis rate due to a decease in the degree of
conjugation of oxidation phosphoror ylation;	 that is, it
occurs like detraining of energy synthesis. Besides, a
change was noted in tissue breathing which, Ln the final
analysis, can affect the value of total gas exchange [38];
then here, one observes an interesting principle. In a per-
son with prolonged HK, as a rule, a certain decrease in basic
metabolism was rioted, by 10-22% [21,42,751. A similar
principle was observedin dogs in HK [23,27j. In truth, in
rats,as body weight decreased and there was a relative in-
crea.;3 An body surface (accor('ing to Rubner's law) and also	 r
as a result of interrupting oxidation phosphor.^l ation, 	 an
increase in gas exchange was noted [10,25,2x]; the decrease
in intensity of gas exchange causes a definite decrease in
pulmonary ventilation in man. Besides, when carrying
an adequate physi:.-al load after prolonged HK, on the other
hand, a eery sharp increase in oxygen demand and oxygen deficiency
occurs and also the coefficient of oxygen utilization de-
creases. This was established both in man and in animals[10, 	 +
•	 20,42]. The result of failure of processes of energy exchange, 	 I
r,
biological oxidation and total gas exchange, both fully ap-
parent with physical loads, is a sharp decrease in the
efficiency of gas exchange and work capability [2;;. It is
t:
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pointed out that evert after 22 days of HK, in man, a decrease
in work capability by 16 4
 occurs, and the Increase in oxygen
deficiency with muscle load increases by 6?.-137% of the con-
trol. Resides, upon completion of the test, one observed a
	 /14
decrease in the coefficient of reduction of oxygen demand by
34 0V and a sharp increase occurred in the consumption of
oxygen per unit of work (by 50% and more). There are similar
data on the sharp increase of oxygen demand and oxygen deficiency
with physical load and even when carrying out an orthostatic
test after HK [10,48,75]. All of this speaks to the sharp
changes and loss in effectiveness in regulation and the de-
crease in efficiency of pas exchange processes and energy
supply of the functions.
The next most important link in the chain of failures
which occur is the breakdown of structural supply of the
functions. "Atrophy from misuse" occur.. Naturally, this
process first of all affects the skelrcal muscles and the
heart muscle.
A decrease in the function of muscle fibers results in
	 f
a	 decrease in the constant level of stimulation of synthetic
processes in muscle tissue. In these cases, production of
metabolytes and activity of enzymes directed at activation of
synthetic processes in the working organ decreases. It
	 j1
was established that regulation of metabolism occurs by
change in the rate of enzyme reactions. In usual conditions,
their intensity is provided by the use of only part of the
existing molecules of the enzyme in a cell, the other part
being unused; usually, one is inactive and would be in the
reserve of the cell. An increase in function of the cells
results in mobilization of the reserve of the enzyme molecules,
their activation (transformation of the proenzyme to enzyme),
and this increases the number of molecules of the enzyme in a
6
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cell with an increase in any functional load. It is natural
to suppose, and experimentally shown [41,53,54], that in
hypokinesta conditions, a decre a in functions of the enzyme
systems occurs. Consequently, such an important link of
cellular regulation of functions arid metabolism, like enzyme
activity, and besides this, the iso...,;yme spectrum of enzymes
in the blood serum are subjected to significant changes [41,
501. Stressful,
	
intense wort: of a given tissue and its
separate structures creates conditions where the function
of this organ is required for its necessary plastic supply
[39,40]. In conditions of irolonged absence of this periodic
stimulation of the genetic apparatus of cells, weakening of
protein synthesis occurs according to the DNA-RNA-protein
system. In ordinary
 conditions of normal functioning, syste-
matically the expenditure of energy reserves in the muscle
in the form of ATP, the presence of periods of constant and
fairly intense expenditure of macroergs and the formation of
products of decomposition are a constant stimulating factor
resulting in a sharp increase in the synthesis of nucleic
acids in proteins, in an increase in the amounts of working
tissue of a given organ,. In the case of prolonged hypodynamics,
systematic stress periods are absent for expenditure of
macroergs in the muscle system and the miocardlum. As we
have already said, weakening of energy regulation of the
processes of biologic oxidation occur [14,27,37) and all of
this, in the final analysis, causes a decrease in synthetic
processes. If one takes the equilibrium between breakdown
and synthesis of a given structure as the constant standard,
adequate for its functional load, then with HK, at first,
predominance of catabolism can occur' over the anabolism
processes, and then a new dynamic equilibrium of the processes
is established. All these theoretica' hypotheses have fa_--
tual support.
I
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WAs has beAn pointed out [03,64], with HK in animals,
a significant decrease occurs including labeled amino acids
in the muscle proteins. A decrease in the percentage con-
tent of proteins in the gastrocnemius muscle which progresses
during prolonged periods of HK was established i rats [9].
Moreover, a decrease of both sarcoplasmic and miofibral
protein was noted on the ?0th a rid 60th dads of HK in the
extremity muscles.
A persuabive proof of the significant decrease in syn-
	
/lei
thetic processes in the muscles is the decrease in weight
`	 both of the separate muscle groups and the bare carcass
of animals (skeletal and mus,-ilar system) during prolonged
HK (tip to 100 days) , and also) the sharp decrease in total body
weight *)y 25-30a) and decrease in growth in the process of
autogenesis 21 ,3,10,23,24,1. During- HK In humans, as a
rule, one observes a lesser decrease in body weight. During
a 70 day experimental HK, a weight decrease occurs from 2 to
6.4 kg and a negative nitrogen balance is noteu with loss on
the average of 8 g of protein per day [57]. Also one ob-
serves a decrease in the neighborhood of the femur acid tibia
muscles, that is, a decrease in muscle mass especially on
the extremities L481.
It is natural that in these conditions with sharply
indicated breakdowns in synthetic processes and a decrease
in plastic supply of functions, detraining of the complex
effect of the trophic role of the vegetative nervous system
plays a very significant role X20,471. However, this ques-
tion requires a special and very detailed consideration
and we will not pause here to discuss it but only mention
its extremely important role. It is necessary to devote
attention to the fact that the decrease in volume of muscle
8
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activity, naturally, results both in a significant decrease
In the efferent pulse of the total complex of necessary sig-
nals cauiing motor actions and stress of muscle fibers, and
In a sharp decrease in reverse flow of afferent pulses which
inform the central nervous system and a number of systems of
the organism as to functional changes occurring in the
muscles. This process of reverse communication with adequate
trophic effects is subject to the greatest changes during HK
[13,17,20]. The decrease in volume of efferent and afferent
effects and decrease of the the volume itself and frequency
of muscle contractions results in a change in the state of
the contractile apparatus of the muscles and also breakdown
of the structure and functional synapses and meiiate processes.
An unusual "physiological enervation" of the muscles occurs.
Biochemicf.l changes during H K in the muscles reminds one of
those whici: occur during an initial enervation of the
muscles. The excitation threshold of the gastrocnemius
muscle increases in rats even during 30 day hypodynamics
(from 4-6 to 10-16 V). The character changes both in single
contractions of muscles (maximum stress decreases to 26%,
duration of contraction increases to 170%, time of half
weakening increases to 150%, the rate of development of
stress drops to 21 01u, etc.) and in tetanic contraction (maxi-
mum stress drops to 29% and time of reaching maximum stress
increases to 2562, the rate of stress development decreases
to 11%). The content of myoglobin and glycogenolysis in
the muscle decreases [3]. As is apparent, a shar .o decrease
in the contractile apparatus of the muscle and metabolism
In them occurs. In man, the muscle strength decreases
sharply, the statistic and dynamic strength of the muscle
tonus during HK decreases. Endurance in prolonged work on,-'
veloergmeter was weakened to ,^ 7% of the initial after 62
days of HK, etc. L20,47,481. Besides, not only strength
9
y
Iand endurance of the muscles decreased but also the reten-
tion of motor habits and coordination of motion was lost
1151. Sharp disturbances occurred of these simple bio-
mechh ,itcal acts, like holding a vertical pose, capability
to walk, getting up from a lying position into a sitting
or standing position.
Prolonged HK leads to a breakdown in motor performance
(synergy) which is apparent in severe disorders of such
purposeful and coordinated acts as standing, walking, and
I
	
	 the enervation ratios lying as their basis [15, 9B]. Thus,
in functions of the muscular system, there are energy,
f'
	
	 structural and regulatory links. The main blow to these
systems would appear to be the sharp and systematic de-
crease in r, ,--le function.
The next most 1mrortan.c link in HK pathogenesis is the	 116
sharp decrease in load on the cardiovascular system. The
study of this pathogenesis link has been given and is being
given a great deal of attention due to the vitally important
role of this system and its vulnerability during HK [17,20,
23,34,4Q,51]. Here one must point out the two most important
.:actors which can play a leading role in the chain of changes
which occur. First of all, this is a decrease in load on the
cardiovascular system due to a decrease in oxygen demand with
a decrease In energy expenditure and, secondly, removal of
the hydrostatic component in hemodynamics when the body is in
a horizontal position, that is, mechanical removal of pressure
of the column of blood in the vessels of the lower part of
the body, which always exists in a vertical position of the
organism. A decrease in demand for oxygen in the substrata
of oxidation results in a decrease in the heart function and
a decrease in hydrostatic pressure increases the venous return
of blood to the right auricle. At first, as redistribution.
i
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01 blood increases during the horizontal position in people,
an increase occu-s in the stroke and minute volumes of blood
[17,491. Then as the duration of hypodynamics increases, a
sharp decrease in stroke and minute volume of the heart
occurs and a gradual decrease in the original increase in
intrathoracic volume of blood L52]. On the EKG, during pro-
longed hypokinesia (70 days) one notes a slow-down in con-
ductivity, a decrease in amplitidue of the RT waves, a de-
crease in the relationship of the size of the T wave in
different sections, periodic: shifting of S-T segment, and
also a cha:-.,c in the repolarization process [8,17]. To a
certain degree, one can develop a fairly adequate blood
supply to the heart especially in conditions of high physical
load. At the present time, it is shown that prolonged HK
essentially worsens the functional state of the heart [18,49].
:ardiac activity becomes less "economical" which is ap-
parent in the increased frequency of cardiac contractions,
the change in phase structure of the cardiac cycle and the
decrease in systc:?is volume of blood, the decrease in force
of cardiac contractions. The regulation of circulation
changes sharply which is expressed in the change in rhythm
of cardiac activity (it becomes clear that there is an in-
crease in frequcrey of cardiac contractions during small
load and even in a state of rest), in distortion of the
Ashner reflexes and cardiac components of the orthoclinostatic
reflex, and also the reflex of physical load [18,52].
Roentgenologic study of the heart made it possible to estab-
lish an important fact. After 70 days of hypodynamia, the
dimensions of the heart in a man decrease by 12.9-17.9%.
The total area of the heart on the X-ray in the test subjects
decreased from 166 to 135 cm J. that is, by 31 cm2 . In tests
on rats, after 120 days of HK, a 4.26% decrease in heart
.e
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weight was observed. Besides, in the m1ocard4um of hypo-
kinetic rats, one ,
 noted a decrease in the oxygen require-
ment of the tissue to 38 + 6.2 mm 3/100 mfr/g in comparison
with the control (62 + 4.8 mm 3/100 mg/hr) [27,28,30].
Electron microscopic study of the miocardium in these ani-
mals showed that unequal swelling of the mitochondria
occurs, a decrease in cristae 	 of the mitochondria, an
absence of their strict orientation, and also welling of
the endothelia capillaries and breakdown in the structure
of cellular membranes [24,27]. As Is apparent, riot only
the cardiac function suffers but also a sharp decrease in
Heart mass occurs and a change takes place in its ultra-
microstructural elements; the processes of biological
oxidation depend on them Find tissue breathing of the mio-
cardium suffers, and consequently, its functioning. Also
a definite change occurs in the vascular system. In HK
conditions, first of all, a systematic increase in oxygen
demand is weakened due to the absence of a fresh volume of
muscular activity. This results in a decrease in stroke
and minute volume of the blood, and consequently, in a de-
crease in venous return. Naturally, all of this causes a
definite change in functioning; of the vessel alveus and a
change in tonus of the vessels. A gradual decrease in the	 /17
volume of circulated blood occurs because the latter, to a
considerable degree, depends on the periodic increase in
oxygen demand of the tissues. An opinion exists that the
"oxygen regulation mechanism" in the tissues can sometimes
even play a more important role than the nervous regulatory
mechanisms. 'Phis was shown with full enervation of vegeta-
tive nerves of the muscles, but during conditions where
regulation is retained in them, blood circulation is only
dependent on oxygen demand of a given tissue 1731. The de-
resulting decrease in vascular tonus can cause a de-
crease in lability of vascular tonus, constantly trained
during function of the muscle groups which, in turn, causes
12
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a breakdown in regional blood circul-tion and causes a de-
crease in capillarization of the t 3sues and a breakdown in
the structure of capillary walls [6]. The most important
pathogenetic link in the disturbances in hemodynamics during
prolonged hypokinesia when remaining in bed is removal of
hydrostatic pressure on all large vessels located along the
longitudinal axis of the body. Adopting a horizontal posi-
tion and prolonged lack of motion results in redistribution
of the mass of circulatory blood, in remo',/al of pressure of
blood weight on the vessels of the lower half of the body.
A gradual detraining occurs of a large part of the vascular
alveus, detraining of the muscles, contracted vessels of
the lower half of the body and loss of turgor of tissues,
etc. All of this, with adequately long effect, results in
the fact that if man again adopts a vertical position, then
a significant part, of the blood flows toward vessels which arP
detrained with low tonus in the lower halt' of iia bogy and ortho-
static collapse can occur, anemia of the brain and loss of
consciousness. Special attention is given to the danger of
this threat occurring as one of the most serious consequences
of prolonged HK [13,1720]. Thus, on the part of the vascular
system, very serious disturbances occur wb'_ch :an be quali-
fied as its total detraining and development of marked
orthostatic instability.
The following phenomena are closely connected to the
pathogenetic link of removing hydrostatic pressure of the
blood and its redistribution in the organism. In the first
period of transferring from a vertical position of the body
to a horizontal, redistribution of blood occurs in the
organism, its flow to the heart increases and overflow of
the blood in the auricle and small vessels. In a series of
works (69-72], it has been clearly indicated that an in-
crease in intrathoracic volume of blood includes a reflector
mechanism, in particular, the baroreceptors of the heart
13
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auricle are stimulated and cause a decrease in production
of antidiuretic hormones by hypophysis, and this, changing
reabsorption in the kidneys and kidney filtration in-
creases diuresis. Polyuria which occurs in the first
stages of hypodynamia results in a gradual decrease in the
fluid part of the blood which is expressed in the increase
in the hematocrit index. Then, exit of intra and extracel-
lular fluid into the circulation system occurs, and a
defJ r,ite aehydration of the tissues develops, a certain
dehydration of the organism takes place. It is natural that
the change in water volume begins to correspond to a loss of
electrolytes, primarily Na and K [12,22,69,70]. It is in-
teresting that an increase in diuresis and outgo of Na and
K occurs in the organism not only due to reflector stimula-
tion of baroreceptors of the heart and small vessels, which
overflow with blood, but also due to other less clear
mechanisms. In tests on rats, when redistribution of the
blood does riot occur from the lower half of the body to the upper
and an increase in its flow to the heart and small vessels,
because the animals, all the time, are in a horizontal
natural position in conditions of prolonged 100-day HK, all
show an increase in diuresis to 18 + 1.5 ml of urine in 24
hours as opposed 10 ± 2.9 ml in the control. At the same
time, one cbscrves an increase in generation of Na from
the organism [28]. In these animals, one also notes a change
in the magnitude of maximum hydration capability of tt,p
tissues and an increase in their sorption capability (de-	 /18
crease in tissue resistance) determined by the D. N. Nasonov
[45]. This phenomenon, in D. N. Nasonov's opinion, usually
Is accompanied by an increase in viscosity (coagulation) of
cytoplasm. The primary mechanism for development of dys-
function of the water and salt metabolism during HK with an
absence of the Henry-Dauer reflex from the auricle, attests
to the fact that other less clear mechanisms exist in the
14
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pathogenesis of these links with hypokinetic disorders. On
the whole, it is apparent that during 11K, disturbance of the
water and salt metabolism occurs and a certain degree of de-
hydration of the organism can develop. However, this pro-
cess is usually marked only in the first HK period [20], and
later on it weakens or disappears.
The next important link in the pathogenesis of prolonged
HK is a decrease in load on the bone apparatus, especially
clear in a case of lengthy stay in bed when the mechanical
effect of force on the bone is decreased not only due to a
decrease in muscle contractions and muscle tone but also
due to the moving small deformations caused by gravitation
on elements of the bony structure when the body is in a
vertical position. This is an important mechanism but
little attention has been given to it [23]. Even in 1892,
Yu. Wolf pointed out the dependence in bone structure,
orientation of the structural elements and mass of its com-
ponent substances on the force and direction of mechanical
load. It has been shown that the deforming force causes
such a change in bone structure as is necessary in order to
more adequately withstand its force. The primary links
which occur, during HK c i-.anges in the bony system, apparently
are the following. The first signals when removing load
and decreasing deformations can be pulses from the nerve ex-
tremities in the periosteum, in the region of vessels or
even in the elements of the bore itself. This pulsation
naturally has appropriate trophic effects on the entire
complex of fine regulation for maintaining bone structure,
in particular, protein, phosphorous and especially calcium
metabolism, by changing the interaction of hormone activity
of the parathyroid gland, and also through functioning of
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	 elements of the thyroid gland, as a result of changes in
production of tyrocalcitonin [1,46,67,74,75]. In the chain
of disturbances which occur, special attention must be
given to synthesis of those important amino acids such as
gly-ine and hy.droxyprol.ine which take an active part in the
formation of the bony matrix, that is, its protein composi-
tion. However, the cause for' change in bone structure can
involve	 other	 effects.	 It was observed [66]
that during mechanical load, bending and stress of the bone
and its microstructure, an electrical charge occurs. It was
established that in the bone structure, between the hydroxy-
lapatite and collagen crystals a piezoelectric effect occurs
which changes the mechanical stress to electrical. The value
I 	 proportional to the forceof the potential which occurs is ^	 P	 P P
j applied to the bone. The negative potential which arises
causes an accumulation of osteoblasts and stimulates syn-
thesis of bony tissue in those sections and, on the other
hand, with lessening of the load on the bone, the function
of osteoclasts begins to predominate. Moreover, the presence
of the difference which occurs in potential during load on
the bone createF Ut "electric pump" stimulating flow of
charged molecules, ions of mineral substances and chemical
radicals. This creates an additional mechanism for supply-
ing this section of tissue and results in stimulation of
synthesis of bone structure, corresponding to the direction
of load on a given section of bone [66]. During prolonged
HK, these processes of stimulation of plastic metabolism
in the bony tissue will be absent. All of this leads to a
certain change in metabolism in the bone tissue. During
prolonged HK in animals (rats and dogs) a decrease in	 /19
I inclusion of Ca 
45 
was established [4,36,55]. The decrease
j	 in mineral saturation of bony tissue and exit of Ca from
the bones is noted in humans which is particularly apparent
il
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in the decrease in optical density of bones in persons
with prolonged HK. The data of roentgenophotometry
indicated a decrease in density of calcaneus by 11.8% during
70-day HK in bed [33]. A study of this question on rats
during 100-130-day HK showed that in animals, besides the
decrease in inclusion of Ca 45 in the femur by 21%, a de-
crease occurs in its inclusion in teeth by 15.6% and in the
mandibular bone by 19.4 1/0, that is, disturbance of calcium
exchange does not have a regional, but apparently, a systemic
character. Moreover, it was established that besides this,
one observes a sharp and earlier change in phosphorous and
amino acid-glycine metabolism [27,2;x. In other words,
with prolonged HK, a complex change occurs in the protein-
phosphorous-calcium metabolism in the bones and other
calcified tissues. Egress of Ca from basic storage in the
bones results in increase in its content in the blood L4,
201 and increased removal with urine and feces. During 70-
day HK in humans, outflow of Ca with urine in the final test
had increased by 36%, and with the feces, by 38% [57]. The
Increase in content of Ca in the blood and urine, in turn,
can cause a number of important consequences. A change in
the blood coagulation system can occur [16], serious reasons
Cor the formation of kidney stones can arise [62], calcifi-
cation of the blood vessels increases, and the contractile
properties of the muscles can change [48], etc. Inasmuch
as disturbance of the protein-phosphorous-calcium metabolism
has a systemic character during HK, the .latter can facilitate
a breakdown in strength of the teeth and caries can occur
1557. Outflow of Ca from the bone and the occurrence of
osteoporosis can result in a decrease in the strength of
the bone system. Particular attention is given to the patho-
genesis link of HK in a more detailed study cf the breakdown
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of the regulatory role of hormones such as parathyroid and
tyrocalcitonin. An increase in the latter regulatory link
of calcium metabolism apparently, is one of the promising
approaches for
	 correction of the dysfunctions which occur
[61]. It is necessary to keep in mind that the bone system
Is one of the basic reservoirs of cerebral bone and a de-
crease in load on the skeleton can be the origin for changes
In the hemopoiesis system. Serious attention has been de-
voted to this question in recent years [31] indicating a
decrease in the number of ery throcytes per 1 vim 3 of blood
during HK at 500,000 to 1,000,000 [7].
A decrease in anti-infection resistance occurs in con-
ditions of prolonged hypodynamia. Changes both in nonspeci-
fic anti-infection resistance and specific immunologic re-
action were successfully established during 7 0-day hypodynamia
in humans. These changes result in the decrease of conven-
tional pathogenic activity and saprophytic automi.croflora,
which grow in the organism and also facilitate activation
of latent infection for diffusion of agents introduced from
outside. During hypodynamia for 70 days, there were cases
of illness with catarrh of the upper respiratory tracts,
rhinitis,bronchitis, otisis, sties, caries, exacerbation
occurred of pulpitis, cholecystitis, nettle rash, and in
one test subject even acute phlegmonos appendicitis [59-651•
All of this is evidence of the fact that a general change
occurs in reaction capability of the organism to a number
of factors including infection.
What changes occur in the nervous and endocrine systems?
During hypodynamia, a sharp decrease occurs in afferent
pulsation which is fairly intense and systematic during
ordinary motor activity. In these cases a decrease in the
constant toning effect of motion occurs primarily on the
18
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reticular formation of the brain. It is well known that
proprioceptor pulsation is the activator of reticular for-
mation of the hypothalmic-cortico system, and this, in turn,
creates a definite toning of functions of the cerebral cor- 	 120
tex [11]. In these same HK conditions, a marked decrease
in tone and function of the cortex acid subcortex occur.
With a detailed analysis of the EEG in humans, even with
a 10-day E{K, an increase in the number of slow waves is
found and a decrease in the number of 8-waves. These
changes occur in all sections, but the most marked are in
the foremost sections of the cerebral cortex. A significant
weakening in mastery of the rhythm of light flashes by the
cortex, occurs especially in the high frequency zone. Sig-
nificant changes occur in the skin galvanic reaction, almost
completely disappearing after hypodynamia [60]. A combina-
tion of all the indices studied during HK indicated a definite
connection in EEG changes, sensitivity of the components of
the orienting reaction and precision in conventional motor
reaction. Moreover, it was established that mental activity
decreases. During HK, fatigue increases, a certain weaken-
ing in memory occurs, errors are more frequent, logical
thinking is more difficult, etc. [5,38,43,44,5':•]. During HK,
5
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	 emotional disturbances occur, irritability increases, a change
in mood is noted, sleep is disturbed, the person falls asleep
slowly, sleep is light, pretraining motor activity increases
[43,44). Neurological changes occur. Asymmetry of tendon
and skin reflexes and smoothing of the right nasolabial
wrinkles with decrease in muscle force on this side are
appar-nt; deviation in speech occurs on the right, etc. In
other words, a set of symptoms arise usually indicating
neuropathology like the syndrome of pyramid insufficiency.
The left hemisphere of the brain, on a background of a
general decrease in the level of neurodynamics during HK,
19
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is more overloaded (sound, reading, writing, speech) with
functions and asthenization of it sets in more rapidly;
and as a result earlier disturbances in the left hemisphere
[34, 35,43,47,481. As a whole, one can note that EIK is
accompanied by a significant combination of afferent stimu-
lation of the brain cells resulting in a prevalence in them
i	 of the retarding process and a decrease in their work capab-
ility. Acute asthenization of functions of the central
mervous system, its reflector and associated activity occurs.
One of the systems involved earliest in the chain of dys-
functions during; prolonged HK is the vegetative nervous
4
system. Disturbance occurs. In its adaptation and trophic
f	 functions which is apparent in the many indices of trans- 	 f
port systems and metabolism of substances [20,34,351. Dis-
turbarice occurs in the humoral length of the regulatory
function. Observations and studies during 120-day HK In
humans showed that at first an increase in discharge into
the blood of catecholamines and corticosterolds occurred
caused by the unusual circumstances of the test and by
volitional increase of limitations of ordinary lire activities	 i
and suppression of natural desires for activity [34,351.
It is interesting that in the tests on rats, attention is
devoted in the first period of HK (the first. 15 days) to
two-i'old li.-:rease in the content of corticosterone, a
adrenalin and noradrenalin in the blood arid ,idrenal glands
and an Increase in the concentration of ACTH in the Mood.
In the first period of HK, the latter increased to 200% in	 !
comparison with the control [19,251. Then, thanks to in-
clusion of adaptation mechanisms, a condition occurred
which provided a more economical system of operation for
the nervous and endocrine systems on a background of pro-
longed decrease in total stimulation and toning effects.
In the second month of HK, the content of corticosteroids
and catecholamines decreased [19,251. With the time period
20
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of HK increasing, detraining of the nervous-vegetative
system and humoral regulation of functions developed, ex-
haustion of the endocrine regulation link occurred and the
content of catecholamines and corticosteroids decreased
even be?ow normal; in the case of applying different
stimuli, the response reactions of the hypothalmus-hypo-
physis-adrenal gland system was characterized not by an in-
crease, but by decrease in discharge of ACTH, corticoster-
oids, etc., apparently a gradual impoverishment of this
hormonal link in regulation occurred. A gradual almost
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threefold decrease in the concentration of 11-4iC S and a
less marked decrease in the level of 17-HC S in the urine
at the end of the first month of hypodynamia was noted
in persons during prolonged (70-day) hypodynamia [57].
During prolonged HK, an increase in secretion of aldosterone
can occur but, a specific feature of its effect is pri-
marily the absence of a typical effect of aldosterone like
the marked retention of Ila at the kidney level and an in-
crease in the volume of blood plasma [30].
But one should not exclude another apparently, more probable
mechanism involving the gradual exhaustion of aldosterone
secretion and decrease in reabsorption of water in the
kidneys and increase in removal of Na. There is no clarity
here yet. Besides this, it is necessary to keep in mind
that with prolonged HK one cannot exclude a decrease in
discharge of somatropic hormone as one of the most common
regulators of autogenesir and synthesis of proteins in
tissues with an absence of constant stimulating effect
of affection on the hypothalmus as a result of "atrophy from
disuse." As a result of the increase in discharge of steroids
in the first HK period in the rats, L. V. Serova successfully
observed a definite involution of the thymus, an increase
in decomposition of thymocytes and further attrition of
the thymus, and also a general decrease in resistance and
21
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sorption capability of the tissues [25].
In other words, once again this attests to the predomin-
ance of processes of catabolism over synthetic in the tissues
and dysfunction of equilibrium between them. One must note
that the creation of HK in an experiment on animals (with
artificial limitation of mobility in the cells) or the cre-
ation of 11K in humans, with constant volitional forces and
all inconveniences involved in prolonged strict hedrest, one
can create at first a prolonged stress situation. A state of
peculiar "chronic stress" occurs explained both by disrup-
tion of ordinary natural living conditions not involved with
prolonged lack of motion and also directly connected with it.
Strictly speaking, for studying pathogenesis of prolonged
HK itself we should be interested only in the second factor.
However, separating it from the whole complex created by HK
is practically impossible. Going from the existing experi-
ences of our work and literary data, we have attempted however
to approximately determine the time period for different
stages of "chronic stress" arising during prolonged HK. In
the first pie--, this is an anxiety reaction with more marked
increase in discharge of corticosteroids continuing up to the
15th to 20th days of HK. Then during the second month of re-
maining in HK, a certain adaptation of primary changes occurs
which is noted in tests on humans 113,17,20,34,35,49] and
finally (3 to u months or more), the last stage sets in
where barely marked adaptation is continued or, as one ob-
serves in animals, attrition of a number of functions sets
in primarily of the nervous-endocrine regulation link which
is well defined by sharp suppression of the complex of the
central nervous system and hypophysis of the adrenal cortex [19,251.
Thus, in spite of the obvious s y stemiza:tion and
absence of a number of clearl y
 defied factors and links in
this chain, one can hypothetically present an ove»^i11 system
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of prolonged HK (see diagram), first of all as an existing
etiologic factor in view of prolonged decrease in the
volume of muscle activity. This	 results in a s'iarp
decrease in bioenergy consumption in the organism and a
decrease in the necessary plastic provisioning of this
function. The most important link in the chain of dysfunc-
tions cccurring is detraining of the cardiovascular system
and the appearance of orthostatie instability. Closely con-
nected to this pathogenesis link Is also disturbance of the
water-salt metabolism resulting in an increase in discharge
of water salts from the organism. A decrease in bioenergpt- /22
tics, structural provisioning of the functions and regula-
tory link of functional coordination of the muscles creates
an unusual type of pathology in the form of "atrophy from
disuse", a decrease in load on the bone system, it causes
dysfunction of calcium metabolism which can have a systemic
character. A sharp decrease in afferent and efferent pulses
Involves the whole chain of disturbance of the central ner-
vous system which is apparent both in dysfunction of higher
nervous activity and in changes of the reflector regulation
at lower, levels. Disturbance of the vegetative nervous sys-
tem, a decrease in its trophic functions, takes on special
importance. Total asthenization of the ner , ,ous system and
Its regulatory functions occurs. As to the humoral link
regulation, the occurrence, especially in the first stages
of hypodynamia, unusual stress reactions which gradually
on a background of no muscle activity produce exhaustion
and detraining of the nervous and endocrine link in function
regulation all deserve attention. Apparently, as the basis
of everything presented, one can consider that an adequately
long HK can qualify as a unique "hypokinesis disease". What
proof is there for this? Fairly often in modern Llff: we
encounter a certain degreee of limitation of muscle activity
for a comparatively short time, however we observe then not
23
a fast recovery :rom a precise disease but more rapidlyoa
total detraining of the organism. Apparently, all of this
work is related to the duration and degree of HK effect.
I. P. Pavlov wrote: "What is a pathologic state? It is an
en ._Dunter, a meeting of the organism with any kind of ex-
treme condition or, more probably, with an unusual dimension
of an everyday condition... If the disturbance does not re-
main on a single organ, but insists 	 on expanding; further,
we egain,	 for a new harmony,study the functional
connection of organs and, finally, determine that moment
and mechanism when the combined force of the organism as a
whole is exhausted." 1 Obviously this concept of a great
philosopher makes it possible to consider that with adequately
prolonged HK such detraining, unusual "pre-illness" of the
organism occurs which later on can develop into a "hypo-
kinetic disease" with a nuifter of characteristic symptoms;
then a person will not be able to carry out the ordinary
patterns of life, walk, work, fulfill elementary motions,
inherent in a healthy person.
We must keep in mind that a number of the positions in-
dicated in our article are very disputable but the presenta-
tion itself of questions at the beginning; of the study oi' the
problem is extremely important and necessary for selecting
the approach for a scientific search and further deepening
of research.
I. P. Pavlov Polno e sobr. loch.Y	 _	 [Comrlete collection of
works], 1951, vol. 2, p. 262.
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